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Abstract 

Copper is a metal with a significant impact on the environment.  We report the effects of two 
sublethal concentrations (100 µg/l respectively 250 µg/l) of copper (II), in Carassius auratus gibelio 
gills, intestine and kidney. LDH specific activity changes were studied after 24, 48 and 72 hours of 
copper acute intoxication. Our researches revealed that gills (100 µgCu2+/l and 250 µgCu2+/l)  and 
intestine (250 µgCu2+/l) LDH activity decreased after exposure to copper. Significant increase in LDH 
activity were observed in the intestine and  kidney after 24 and 48 hours at 100 µgCu2+/l and after 24 
hours of treatment at 250 µgCu2+/l in kidney. The inhibition of LDH activity may reflect an important 
stress, while a stimulation of this enzyme may indicate an increased dependence on anaerobic 
carbohydrate metabolism. It seems that the short term exposure of crucian carp to sublethal levels of 
copper sulphate affected the carbohydrate metabolism in a tissue and concentration manner. Our 
results provide evidence that LDH activity could be a sensitive indicator for toxicological studies. 
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Introduction 
  
Heavy metals such as copper, zinc and iron are essential for normal cellular processes in both 
prokaryotes and eukaryotes. In order to maintain their adequate levels for optimum biological 
functions, cells regulate the traffic of such metal ions, to avoid the accumulation of high 
amounts which become toxic [33] and cause pathological effects.  

Copper is a redox-active metal predominantly used by organisms living in oxygen-rich 
environments [44]. It is a co-factor for different enzymes, such as: superoxide dismutase (EC 
1.13.11.11), tryptophan-2,3-dioxygenase (EC 1.13.11.11), lysine oxidase (EC 1.4.3.12), 
monoamine oxidase (EC 1.4.3.4), tyrosinase (EC 1.14.18.1), dopamine-hydroxylase (EC 
1.14.17.1), and  cytochrome oxidase (EC 1.9.3.1), being thus essential for respiration in all 
eukaryote cells [22]. It is known as a common pollutant, entering the environment in a 
quantity estimated at 80.000 to 250.000 tones per annum as a result of weathering 
mobilization [6]. Copper toxicity depends on chemical and physical characteristics of the 
water. Temperature, pH, hardness, and alkalinity are the main factors 
influencing its bioavailability in aquatic environments [42]. Aquatic organisms can take up 
the metal directly from the waters and elevated ambient copper concentrations can lead to 
excess copper accumulation in different tissues [19]. Several studies revealed that the 
presence of metals (including Cu2+) in aquatic ecosystems can enhance intracellular 
generation of ROS (reactive oxygen species), such as hydrogen peroxide, superoxide radical, 
hydroxyl radical, leading to oxidative stress in fish. This is generally accepted as one of the 
major effects of cellular concentrations of copper [32]. 
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For aquatic ecosystems, fish have become indicators for evaluation of the effects of 
noxious compounds and their health may thus reflect and give a good indication of the health 
status of a specific aquatic ecosystem.  

Copper uptake in freshwater fish occurs mainly by the gills, followed by skin and 
intestine. The liver is the major organ in which it is concentrated. Copper is accumulated in 
the liver to be excreted via the bile, even though gills and kidneys also participate in its 
excretion [16, 27].  

Fish are unique among vertebrates in having two routes of metal uptake, i.e. gills and 
intestine [30]. Fish gills come into immediate contact with the environment and play vital 
roles since gills represent multifunctional organs, which carry out ion transport activities, gas 
exchange, acid-base regulation and waste excretion via the branchial epithelium [46]. Also, 
the first organ which comes in contact with pollutant contaminated food particles is the 
intestine [28], while the kidney is largely responsible for eliminating excess water, 
maintaining acid-base balance, regulating some ions and retaining urea [18]. All these organs 
have been proven to be indicative of water pollution [17].  

Lactate  dehydrogenase is an ubiquitious cytosolic  oxydoreductase  that  catalyzes the 
oxidation of L-lactate to pyruvate with the mediation of NAD+ as hydrogen acceptor. LDH 
has also been used as an indicator of hypoxic conditions in organisms and plays an important 
role in glycolysis [12]. 

Our goal was to evaluate the changes in LDH activity in gills, intestine and kidney of 
Carassius auratus gibelio  as result of acute intoxication with 100 µg Cu2+/l and 250 µg 
Cu2+/l respectively. 

 
Materials and methods 

 
Chemicals.  
All chemicals were purchased from Merck. Ultrapure water (Milli-Q, Millipore) was 

used for the preparation of all the solutions. 
Animals.  
About 70 specimens of freshwater goldfish Carassius auratus gibelio of 15 ± 1.5 cm 

length and 25 ± 5 g weight were obtained from The Nucet Fishery Research Station, 
Romania. The fish were acclimated to laboratory conditions for 2 weeks prior the experiment. 
Water quality characteristics were determined. The mean values for tested water qualities 
were: temperature 20 ± 20C, pH (7.2  ± 0.05), dissolved oxygen 6 ± 0.2 mg/L (constant 
aeration) and total hardness as CaCO3 175 mg/L. The fish were maintained on a photoperiod 
with 12 h light/ 12 h dark. Feeding of pellet food was finished 3 days before initiation of the 
experiment and no food was supplied to fish during the experimental period. Fish starvation 
during the experimental exposure to copper did not affect in a significant manner the weight 
decrease. 

Animal maintenance and experimental procedures were in accordance to the Guide for 
Use and Care of Laboratory Animals [14]. 

Experimental Protocol.  
After the period of acclimatization, the fish were randomly divided into three groups: 

one as control and the others two as experimental groups and kept in separate glass tanks 
(each tank of 75 l). Group I was maintained in copper sulphate free water as a control. Group 
II and III were exposed to copper sulphate (CuSO4 x 5H2O). The toxic was added only in the 
first day of experiment, at two sublethal concentrations of: 100 µg Cu2+/l (group II) and 250 
µg Cu2+/l (group III).Ten fish of the experimental groups and  the control one were sacrificed 
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after 24, 48 and 72 hours, post-exposure. After the selected periods, the gills, kidneys and 
intestines were excised and prepared for biochemical analyses. 

Preparation of tissue extract.  
One gram of tissue was homogenised in 10 volumes of 0.1M TRIS-EDTA buffer, pH 

7.4, using a Potter-Elvehjem homogenizer. The homogenate was centrifuged at 8000 rpm for 
30 min at 0-40C to obtain the supernatant, which was then used for the biochemical analyses. 

Enzymatic assay.   
Aliquots of the supernatants were utilized for enzymatic assays. LDH activity was 

determined using 0.6 mM pyruvate and 0.2 mM NADH as substrates in 0.1 M 
K2HPO4/KH2PO4 buffer pH=7.7 according to the method of Bergmeyer and Bernet [5]. The 
conversion of NADH to NAD+ was followed by recording the changes in absorption intensity 
at 340 nm, and one unit was expressed as 1 μmole of NADPH consumed per minute, using a 
molar extinction coefficient of 6.22x103 M-1 cm-1. 

Protein concentration.  
The protein concentration, expressed as mg/mL, was determined according to the 

method of Lowry et al. [24] with bovine serum albumin (BSA) as standard.  
Statistical analysis.  

All values were expressed as means ± SE. If significant differences were found (P<0.05), the 
treatment groups were compared with the control one using Student's test.  

 
Results  

 
No mortality was recorded during the experiment at both concentrations used of copper 

(100 µgCu2+/l and 250 µgCu2+/l).  
In Figure 1 the specific activities of LDH in gills of the fish exposed to sublethal 

concentrations of Cu2+ are presented. 

 
 

Fig.1. The variation of  LDH specific activity in gills of Carassius   auratus gibelio exposed to 100 µg Cu2+/l (A) 
and 250 µg Cu2+/l (B) – mean ± S.D.; * p < 0,05 = significantly; ** p < 0,01 = distinct  significantly; *** p < 0,001 
= very significantly. 
 
 In our short term copper exposure both concentrations: 100 µg Cu2+/l (Fig. 1A) and 
250 µg Cu2+/l (Fig. 1B) induced the decrease of LDH specific activity. Thus, at 100 µgCu2+/l, 
after 24 h, 48 respectively 72 h of treatment, the LDH activity decreased by 9.2%, 16.5%, and  
19%, compared to control (Fig. 1A). A similar response was obtained at the higher 
concentration, when the enzymatic activity diminished after 24 h, 48 h and 72 h by 27.5%, 
34.5% respectively 36%, compared to control (Fig. 1B). It is obvious that the inhibition of 
LDH activity in gills varied in a concentration and time dependent manner. 
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 Fig.2. The  variation  of  LDH  specific  activity  in  intestine  of  Carassius   auratus  gibelio  
exposed to  100 µg Cu2+/l  (A) and  250 µg Cu2+/l  (B)  –  mean ± S.D.;  ** p < 0,01 = distinct  
significantly; *** p < 0,001 = very significantly. 

 
In Figure 2 the specific activities of LDH in intestine of the fish exposed to the two 

concentrations of Cu2+.are shown. 
In the case of the lower concentration, intestine LDH specific  activity increased, by 

201%,  323%,  and 354% after 24 h, 48 h,  respectively 72 h compared to control (fig. 2A). At 
250 µgCu2+/l the enzymatic profile indicated an inhibition of LDH specific activity. Thus, 
after 24 h of treatment, the LDH activity  decreased, by 17%, whereas after 48 h and 72h , by 
about 60%, compared to the control (Fig. 2B). 
 

In Figure 3 we presented the specific activities of LDH in kidney of the fish exposed to 
sublethal concentrations of Cu2+. 

 
 

Fig.3. The  variation  of  LDH  specific  activity  in  kidney  of  Carassius   auratus  gibelio  exposed 
to  100 µg Cu2+/l  (A) and  250 µg Cu2+/l  (B)  –  mean ± S.D.; * p < 0,05 = significantly;  ** p < 0,01 = 
distinct  significantly.  

 
Exposure to 100 µg Cu2+/l increased LDH specific activity in the kidney as in intestine, 

but the up-regulation was 181%, 267%, and  275%, after 24 h, 48 h and 72 h respectively 
compared to control (fig. 3A). At 250 µgCu2+/l the enzymatic profile indicated a stimulation 
of LDH specific activity, after 24 h of treatment, by 173%, while after 48 h and 72 h LDH 
activity  decreased, by 10% and 49% compared to the value recorded after the first day of 
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exposure (Fig. 3B). During the second and third days of acute exposure to copper, kidney 
LDH activity still remained higher compared to the control. 

 
Discussion 

 
Studies concerning the effects of copper (II) exposure on several fish species [11, 45] 

and aquatic invertebrates [41, 8] have been done previously. As far as we know, no other 
study has addressed the effects of Cu2+ ions on the glycolytic pathways of gills, intestine and 
kidney during the exposure of Carassius auratus gibelio to copper (II). The concentrations 
were selected deliberately in order to model the conditions of some in situ pollution events 
which have already been registered [47]. Recent studies [35] indentified the health impact of 
Cu2+ environmentally relevant concentrations below 128 µg/L on a fish model, the 
stickleback (Gasterosteus aculeatus).  

We used in our study CuSO4·5H2O as copper (II) ion source because it is one of the most 
widely used agents for the control of phytoplankton and weed in lakes and reservoirs [20]. 

 Only reduced copper can be transported by the concerted action of a set of 
evolutionarily conserved transporters [18], but due to the oxidative environment, this metallic 
ion is occurring in oxidised form.  

Copper ions enter the eukaryotic cells using Ctr1, an integral membrane protein, which 
homotrimerizes to form a channel through it may traverse the plasma membrane [1]. Once 
imported, it is delivered to the intracellular proteins and compartments by the action of copper 
chaperones [9]. One of this compartment is represented by mitochondria, where cytochrome 
oxidase uses it for oxidative phosphorylation [44]. 

The gill acts at the interface of fish with its environment, having several roles: 
osmoregulation, gas exchange, acid-base regulation, nitrogen waste excretion. The decrease 
of LDH specific activity, the marker enzyme of glycolysis, registered in the fish gills exposed 
to the both concentrations of copper (II) suggested a diminution of energy at this level and 
could be explained by three different mechanisms.  

The first could be connected with the copper-induced inhibition of basolateral Na+, K+-
ATP-ase and H+-ATP-ase localized predominantly within the apical membrane of the chloride 
cells and in sub-apical cytoplasmic vesicles [21] but also in the basolateral domain of the 
chloride cells [40]. Recent data suggested that  uptake of Na+ by the fish gill epithelium may 
be electrically coupled to proton efflux [26]. The inhibition of the two types of ATP-ases 
possibly could generate changes in NaCl inner concentration but also acidosis, which can 
inhibit phosphofructokinase, [23] the rate limiting enzyme of glycolysis pathway.  

Another mechanism takes into account that copper (II) ion is higher accumulated in gills 
compared to intestine and it enters the mitochondria of chloride cells, determining oxidative 
stress, which could generate protein oxidation of key enzymes involved in the fermentative 
catabolism of glucose [38]. This modification could influence the tridimensional structure of 
enzymes affecting their catalytic activity. 

The third mechanism of energy decrease might be the direct reaction of active site thiol 
group with Cu (II) ion in the presence of NADH [31]. 

Our results are in accordance with previous findings concerning the interaction between 
heavy metals and gills. So, Sastry and Gupta (36) affirmed that inhibition of LDH activity 
may be due to ion imbalance or intracellular action of metal subsequent to initial plasma 
membrane damage. This inhibitory effect may also be due to the direct binding of metal to the 
enzyme and formation of an enzyme-inhibitor complex [37]. According to Almeida et al. [2], 
the decrease of LDH specific activity may be due to changes in the activity of mitochondrial 
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membrane function. They recorded inhibition of LDH activity in the freshwater murrel 
Channa punctatus due to the exposure to mercuric chloride and in Nile tilapia Oreochromis 
niloticus exposed to cadmium. In consistence with our results, Elumalai et al. [13] noted a 
reduced activity of LDH in the crab Carcinus moenas maintained in water contaminated with 
Cu, Cr or a mixture of both.  

Taking into account that at the lower dose, probably intestine has bio-concentrated 
lower quantities of copper,  the oxidative stress induced by the generation of hydroxyl radicals 
according Fenton reaction was at a low level and the oxidation of glycolytic proteins did not 
occur. But, it is possible that Cu+ ions affect at very low concentrations, the iron –sulfur 
clusters of dehydrases as fumarase [25] and as a result, the Krebs cycle could be inhibited. As 
a result the energy for the osmoregulation has to be obtained through glycolysis, which is up-
regulated and LDH activity increased. Our data are in concordance with those of Arsan [4] 
who noticed that during exposure to a low concentration of 0.5 µg Cu2+ /l, the energy supply 
of adaptation process in carp is performed by the aerobic pathway, whereas at moderate 
concentrations, aerobic processes are inhibited in fish tissues and glycolysis is activated. Such 
an increase in LDH activity may be attributed to the prevalence of anoxia. Under anoxic 
conditions, the body tries to shift respiratory metabolism to anaerobiosis [7] and pyruvate, the 
end product of glycolysis, which provides energy from glucose under normal conditions, is 
not routed to the Krebs cycle, but rather reduced to lactate [39] leading to the increased 
activity of LDH [34]. Lactate is transported by the blood to the liver and reconverted to 
glucose and glycogen to meet the higher energy needs under physiological stress. Thus, the 
decline of Krebs cycle and simultaneous elevation of LDH activity may suggest a bias 
towards the anaerobic glycolitic pathway in order to mitigate the energy crisis for survival.  
 Fish are the only vertebrates with kidneys able to produce urine by glomerular and 
aglomerular mechanisms. The renal tubules of fish may consist of only one or two tubular 
segments, or they may include the full complement of the vertebrate nephron [15]. In kidney, 
LDH activity increased during exposure to low dose and decreased at the higher one (250 
µgCu2+/l), remaining higher compared to the control after 72 h, suggesting a bias towards the 
anaerobic glycolitic pathway. Taking into account that kidney accumulates copper [10], it is 
possible that this exposure could inactivate aconitase, Krebs cycle enzyme [29], probably due 
to  reactive oxygen species produced by Fenton reaction in which copper can participate. As a 
result, the anaerobic metabolism could be favoured in order to produce ATP and aerobic 
oxidation of glucose impaired in fish kidneys exposed to these concentrations of copper. 

Similar results were noticed by Das et al. [12] who recorded an increase in the activity 
of LDH in the liver, gill and kidney of fingerlings of three species of the Indian major carp 
(Catla catla, Labeo rohita and Cirrhinus mrigala) due to nitrite toxicity.  

Generally, the effect of heavy-metal exposure on the activity of glycolytic enzymes is 
controversial. Moreover, it depends on animal tissue and metal. For example, in Cyprinus 
carpio exposed to copper increased LDH activity in the liver, heart and gills [43], was 
observed while the exposure of  Sparus auratus to this metal led to a decrease in LDH activity 
in the liver [3].  

 
Conclusion 

 
It seems that the short term exposure of crucian carp to sublethal levels of copper 

sulphate affected the carbohydrate metabolism in a tissue and concentration dependent manner.  
Our results provide evidence that LDH activity could be a sensitive indicator for 

aquatic toxicological studies. 
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